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Hypothesis

Osteoarthritis: The cause not result of joint failure?

Osteoarthritis is an enigmatic condition as it is at
once simple and complex. It seems simple as trauma
is sufficient to produce its major features, but it
becomes complex when we try to understand both
'primary' osteoarthritis and why the processes that
are features of osteoarthritis develop. An enormous
amount of information is available on the epidemi-
ology, clinical picture, pathology, and biochemistry
of osteoarthritis, but the problem is to see the
patterns linking that information. Observation has
established a set of features of osteoarthritis that any
satisfactory hypothesis needs to explain.

Osteoarthritis is characterised by joint destruction
with cartilage loss and occasional gross derange-
ment of the joint's integrity. 1 Osteoarthritis is
homogeneous, ubiquitous, and related to age.2 3
The anatomical, histological, and biochemical fea-
tures are present and constant to a remarkable
degree in osteoarthritis at different sites and in
different animals and animal models, though they
may vary quantitatively. Paradoxically also,
although osteoarthritis shows extraordinary diver-
sity, it is heterogeneous, and this is shown in its
aetiology. Joint insult of almost any kind may
produce osteoarthritis. Cartilage abnormality from
amino acid metabolism in ochronosis, trauma, and
pre-existing inflammatory osteoarthritis may all
produce this seemingly common pathway of a joint
reacting to 'failure'. The clinical picture, pathology,
and natural history are also very varied."4

Osteoarthritis has a characteristic joint distribu-
tion that is both spatial and temporal. Joints that are
frequently involved include the first metatarso-
phalangeal, first carpometacarpal, distal inter-
phalangeal, knee, and the apophyseal joints of the
spine at the thoracolumbar and thoracocervical
junctions. Conversely, others, such as the wrist,
elbow, shoulder, ankle, and tarsal joints, are rarely
involved. Usually the features are seen first at the
metatarsophalangeal joint, and the sequence of
involvement reflects the common site distribution.2 5

Remarkably, osteoarthritis is an anabolic as well
as a destructive process. Bone sclerosis, capsular
fibrosis, and osteophyte formation are the result of
active turn on of systems producing tissue growth.
The biochemistry of experimental osteoarthritis and
of pathological specimens reflects this anabolism

in an increase in cell activity and proteoglycan
turnover.7 8 More remarkably, the proteoglycans
are qualitatively different from those produced with
aging; they are similar to the profile of 'juvenile'
young cartilage.9-i

Finally, to make the whole process seem totally
contradictory some of its features may occur in
isolation. Fibrillation of cartilage and 'age related
osteophytes', which are features of osteoarthritis,
may occur alone.i 12
Can a hypothesis be constructed to link these

features? The primary approach is to see osteo-
arthritis as joint failure. If the joint is considered as
a mechanical system, which it is, this allows an
analogy with man-made machines. Joint failure is
thus a function of use, material, and design, and this
concept goes some way towards explaining the
observed features. The heterogeneity reflects the
multiple combinations of factors that interact to
produce the osteoarthritic process. The distribution
and age association reflect underdesign of joints. i3
The homogeneity results from the triggering of the
same final common pathway, the osteoarthritic
process itself 6 (Fig. 1), and the anabolic response is
then seen as an attempt at repair. i4 15
The model though is not sufficient as it does not

explain the nature of the anabolic response or why
some features like osteophytes occur in isolation. It
also gives no explanation for primary osteoarthritis.
Is it simply that the aetiological factors are unidenti-
fied, or could the process develop in some other
way? Possibly the process is a result of the failure of
the normal maintenance of the joint-that is, a
failure of remodelling.'6 17 This concept can be
taken further; rather than the process being driven
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Fig. 1 The osteoarthritic process.
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Fig. 2 Breakdown ofjoint control mechanisms.

by factors producing joint damage and triggering
osteoarthritis, could it be the other way round?
Perhaps joint tissue escapes from the normal control
system maintaining the integrity of the joint, in-
creases cell activity, and starts to grow. Is primary
osteoarthritis due to reactivation of the control
system that differentiates growth and maintains a

joint? The disruption of function perhaps then
follows and may progress to joint destruction.
Primary osteoarthritis can then be seen as the result
of intrinsic breakdown of joint control mechanisms
(Fig. 2).
The breakdown of control then allows reactiva-

tion of processes involved in differentiation and
growth that actually are the 'common pathway' of
osteoarthritis. The mechanisms controlling growth
are, however, ill understood. They depend on the
interaction of a number of hormones, genes, and the
way that the joints are loaded.18 Any mechanism is
limited by the ability of the cell to contain a limited
number of control and responder systems. This
means that a number of different signals may

produce a similar response, and thus the response of
the joint is limited. Could osteoarthritis have only
one mechanism, the mechanism that it has to carry
because it was produced by it? Is osteoarthritis the
reactivation of the system that produced the joint?
In the first model the osteoarthritic process trig-
gered by developing joint failure is the attempt at
regeneration by activation of the joint's differentia-
tion and growth system. In primary osteoarthritis
this path is produced by breakdown of the control
system itself.
There is no direct evidence for this. The condi-

tions for it to be a possibility, however, can be
defined and are real. Firstly, the joint needs to be
able to grow, and, secondly, the features of osteo-
arthritis need to reflect the processes involved in
normal tissue growth. Thirdly, spontaneous failure
of controlling systems is possible. The joint needs to
have underdesigned control systems. What is the
evidence that these conditions are present in man?

Firstly, acromegaly provides us with an extra-
ordinary natural experiment.19 Apparently, osteo-

arthritis develops in longstanding untreated pituitary
hyperfunction. Cartilage proliferates, and degenera-
tive change develops as a secondary event, showing
that cartilage has growth potential. At the end of
normal growth cartilage proliferation must be con-
trolled either by the absence of a stimulator or the
presence of an inhibitor. It is not turned off
irreversibly as metaphyseal bone growth is turned
off by closing the switch of epiphyseal closure.
At maturity growth is certainly down graded to a

level that is difficult to detect, but it is also hard to
be sure that it has stopped. The precision of the local
control mechanism is reflected in the delineation of
the divides between bone, calcified cartilage, and
joint cartilage.20 21 Histologically the matrix changes
its staining characteristics sufficiently abruptly to
give a line referred to as the 'tide mark'. This zone
may become focally unstable and start growing, thus
triggering osteoarthritis. The reduplication of the
tide mark seen in osteoarthritis may reflect that
instability.

Secondly, do the processes in normal growth
parallel the features of osteoarthritis? The develop-
ment of an osteophyte reflects some of the features
of the development of a joint. Thus a primitive
cartilage model develops from a coalescence of
mesenchymal cells, and at the same time a joint
space forms between the 'bone'. Ossification centres
then form in the bone, leaving a plate of growing
cartilage, which allows bone lengthening to occur
between primary and secondary ossification
centres.22-2 The cartilage overlying the secondary
centre also continues to grow, allowing the joint
surface to grow. The cartilage is a net of collagen
under hydrophilic tension from a proteoglycan gel
and to allow growth this net has to be enlarged. The
earliest feature of experimental osteoarthritis is the
swelling of cartilage. Does this represent an attempt
at net enlargement and growth? The bone stops
growing when the epiphyseal plate is closed by
ossification, but the cartilage at the osteochondral
junction remains a potential unossified growth
plate. Formation of osteophyte follows a not dis-
similar pattern in experimental models, with peri-
pheral mesenchymal cells proliferating, undergoing
chondroid change, and then ossifying.26 27 The
cartilage loss, bone sclerosis, and cyst formation are
secondary mechanical effects.

Thirdly, are some joints underdesigned? Are the
functional requirements of a joint at the limit of its
tolerance, so that it has little functional reserve? As
the functional capacity of a joint is unknown it is not
possible to answer this question directly.28 29 It is
possible, however, to look at the period of evolution
of joints and at the changes that have occurred and
thus to see the relative changes that have altered the
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functional requirement of joints. Change in loading
patterns means that some joints are loaded less and
ar-e relatively overdesigned, whereas others are
loaded more and will be relatively underdesigned.

Bipedalism has not been present for long and
probably the modern skeleton has both under-
designed and overdesigned components. The earliest
evidence of a bipedal hominid is found in the
footprints of an adult and child at Laetoli in
Tanzania, 3*75 million years old. These show a
definite striding gait, but the fossil record shows
that the bone configuration was not fully adapted for
bipedalism.30 31 Anatomically modern humans are
much more recent and remains like those at Mungo
in Australia are only 32 000 years old.32 Analysis of
mutations in mitochondral DNA and protein se-
quencing suggest the emergence of modern man
about 200 000 years ago.33

Diarthrodial joints have been present for a long
time. They first developed during the Ordovician
period in jawless fishes, the ostracoderms of about
450 million years ago. The materials used, however,
have been available for many years. Quadripedal
locomotion was tested for over 200 million years
before the earliest mammals emerged in the early
Caenozoic period about 70 million years ago.
Comparison of the skeleton of fossil apes, like
Proconsul, or modern apes, like the chimpanzee,
with modern man shows the dramatic changes in
joints that have taken place with the emergence of
bipedalism.3436

In man's recent emergence there are other major
changes that have imposed new demands on the
functional capacity of the joint. Body size is over
twice that of A afarensis,3' and there is a change in
both chronological and biological age. Determina-
tion of age of the remains of H neanderthalis
suggests that few lived beyond the age of 40 years.37
A long chronological age is new and the functional
demand that it puts on joints is new: the strain
should show on the more underdesigned joints.
Biological age has changed even more dramatically
and, in particular, the change in hormonal status of
woman with the menopause means that a postrepro-
ductive period now occurs. The menopause is
associated with development of polyarticular osteo-
arthritis.38 39 Baboon, rodent, and dog cartilage
contains oestrogen receptors442; the systems con-
trolling cartilage maintenance must therefore need
moderating as oestrogen levels change. As such
dramatic changes in function and age have occurred
in man over such a short period of time the joints
must vary in functional reserve and some are likely
to be underdesigned.
The evolutionary story of the joint gives other

insights suggesting that the potential for joint

regeneration may persist in some form. The lower
vertebrates have the ability to regenerate a limb
with functional joints. This is 'lost' in reptiles and
mammals, but there is some evidence that it persists
in the embryonic phase of rats and perinatally in the
opossum.43 45 Reptiles and amphibians also grow
throughout their long lives.46 The chronological
lifetime of a poikilotherm may be less demanding
than that of a more active homeotherm, but
indicates, nevertheless, that time alone does not
give osteoarthritis; the aging process is more com-
plex.47 In captivity mammals live for long periods
and show senescent change, including osteoarthritis.
Monkeys develop spinal osteoarthritis, but patterns
of appendicular changes have not been studied.48
The biological perspective shows that the types of

mechanism involved in joint formation may be the
basis of those seen in osteoarthritis. Thus the
homogeneity of the process, its anabolism, and
characteristic osteophyte formation can be under-
stood as the reactivation of growth and differentia-
tion processes that are suppressed with the achieve-
ment of skeletal maturity. Qualitative variation in
the level of control failure may explain such
elements as the age related osteophyte with local
intrinsic disinhibition of growth at a level that does
not disorganise the joint mechanically. Intrinsic
osteoarthritis will occur in time in the relatively
underdesigned joints, giving the usual spatial distri-
bution. The heterogeneity of osteoarthritis though is
unrelated, reflecting the fact that the model is
complementary to the traditional wear and tear
hypothesis of Fig. 1. Heterogeneity reflects the
multiple causes disrupting joint function and the
complex interaction of mechanical factors acting on
a disorganised mechanical system, the osteoarthritic
joint.
A hypothesis introduces the risk of both obscure

conjecture and teleology, but to advance under-
standing of osteoarthritis a new conceptual frame is
needed. Reflection on the way in which joints came
to form, by evolution and by embryogenesis, may
allow us to make the necessary conceptual leap. This
hypothesis suggests mechanisms intrinsic to the
joints' function that can explain the key features of
osteoarthritis. It suggests that understanding of joint
biology rather than just clinical observation will
provide the insights necessary for its control in the
future.
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